I. INTRODUCTION
Many morphological and physiological data concerning seasonal changes in small mammals of the temperate zone have been accumulated within the last two decades. Seasonal fluctuations in the basic body components of these animals have also been recorded, especially changes in fatness (for extensive references see Schreiber & Johnson, 1975) . As regards other body components, only the regularities and succesion of changes in the amounts and proportions of water, protein and mineral substances in the postnatal development of several rodent species have been studied more extensivelly (see Fedyk, 1974a Fedyk, , 1974b for a review of literature). The data on seasonal changes in water content and level in an organism are controversial. There is evidence that the amount and proportion of water in the organism of rodents and insectivores are lower in winter than in summer (Jameson & Mead, 1964; Górecki, 1965 ; M y r c h a, 1969; Fleharty, Krause & Stinnet, 1973; Sa wick a-K a pusta, 1974; Schreiber & Johnson, 1975 ). There are also data which indicate that the changes in the hydration of animals are associated with their age and physiological conditions (e.g. lactation) varying with seasons (Evans, 1973; Fedyk, 1974b) .
The purpose of the present study is to investigate to what extent the hydration of organism depends on seasons and in what measure these seasonal changes differ from the level characteristic of the given age group.
II. MATERIAL AND METHOD
The subject of this study was the bank vole, Clethrionomys glareolus (Schreber, 1780), in which the changes in body components during the postnatal development had already been studied in detail (Fedyk, 1974a , b; Sawicka-Kap u s t a, 1974).
Bank voles were trapped in the same study area twice, from January 31 to February 6 and from August 14 to August 25, in the year 1973; members of the winter and summer population were thus obtained.
On the day of trapping the animals were weighed, their alimentary canals and mandibles were excised, and they were weighed again. Mandibles were taken for further age determination by method described by Pucek & Zejda (1968) . The amounts of water, protein, fat and mineral substances were determined in the remainders by the methods described earlier (Fedyk, 1974a ). Some of the animals, weighed and killed in ether anaesthesie, were skinned and the pelt was weighed. The liver, kidneys, heart and brain were also weighed after they had been removed from the body. The pelt and organs were dried to a constant weight, the amount of water being thus obtained. The gross body components were examined in total of 142 bank voles.
Standard statistical procedures have been applied to obtain absolute data and the significance of differences between the averages for the summer and winter animals has been determined by Student's t test.
III. RESULTS
The age structures of the bank voles representing the winter and summer samples are different (Table 1 ). In the winter sample as many as 78% of the specimens are 6-10 months of age, i.e. they are animals from spring and summer litters, whereas in the summer sample 2-6-month old specimens, also born in the spring, prevail. Thus, most of the specimens of the winter and summer populations trapped are bank voles of the spring generation. However, the average age of the winter voles is about 10 months and the average age of those trapped in the summer about 5 months. A similar age structure was characteristic of the bank voles from which the internal organs were removed.
Basic body components. As regards body composition the bank voles of the winter population differ significantly (P < 0.001) from those of the summer population (cf. Table 2 ). The bank voles trapped in the winter were characterized by the lower mean values of all the parameters examined than those of the animal caught in the summer with the only exception of fat, which in the wintering voles came to 132.8°/o of the amount found in the voles collected in the summer. The summer voles outweighed the wintering ones by 1.96 g. The former also exceeded the latter by 2.12 g in the weight of eviscerated bodies. The difference between them averaged 1.84 g in the amount of water in organism, 0.59 g in the amount of protein and 0.10 g in that of mineral substances.
It might be inferred from these data that the wintering bank voles are worse hydrated than those living in summer (3.7°/o difference - Table 3 ). The protein content and that of mineral substances are also lower in them, but the share of fat is proportionally higher, namely, by nearly 4.6%. However, if the percentage share in the fat-free body (FFB) ( Table 3 , middle part) has been assumed as the basis of reference, the percentage shares of water, protein and mineral substances will be alike (the differences are of the order of a tenth part of a percent). Since in literature we often meet with the calculations of gross body composition (GBC) in relation to dry matter, they are also presented in the table mentioned above. Thus, if in relation of fresh matter the differences in the proportions of protein in the organism of the bank voles under comparison come to 1.3%, in relation to dry matter they are nearly ten times as great. It is also possible to compute the amount of water in relation to the dry matter of the organism. The index thus obtained is 180% for bank voles trapped in the winter and 223% for those occurring in the summer, the difference being as high as 34°/o in favour of the summer animals. Some interesting data have been obtained by comparing the fresh weights of the organs selected with the weights of their dry matter (Table 4 ). The internal organs of the studied groups of animals differ in weight, but then proportionally to the differences in body weight, which is indicated by the relative weights of these organs. (Small differences in the relative weights compared may be due to the basis of comparison, which in this case is the weight of body with the alimentary canal filled with food to a various degree.) The dry matter differs significantly between the groups compared only in the case of kidneys, the fresh weight of which is considerably higher in the bank voles living in the summer. It is difficult to form an opinion on the significance of the differences in the percentage content of water in the organs studied, since they are intensely supplied with blood. On the other hand, distinct differences are observed in the weight of pelt, which in the wintering bank voles is one-sixth of its weight in the summer voles (Table 4 ) and this is reflected by its relative weight. Any-way, in dry matter the differences amount to only about 260%. Hence the conclusion that the pelts differ significantly in water content.
IV. DISCUSSION
Seasonal differences in water content have been demonstrated in ten species inhabiting different geographical regions and differentiated in respect of their ways of living (Górecki, 1965; Fleharty, et al., 1973 ; Sa wicka-Kapusta, 1974; Schreiber & Johnson, 1975) . In these rodents the water content was compared with the body weight and sometimes with the contents removed from the stomachs. A similar significant winter decrease in the water concentration in the whole Table 4 Weights of selected internal organs and skin of C. glareolus trapped in winter (W) and in summer (S). organism was noted in some Soricidae (M y r c h a, 1969) and even in the cerebral tissue of Sorex araneus (P u c e k, 1965). However, in investigating the GBC of six geographical breeds of Peromyscus, acclimated to laboratory conditions, Hay ward (1965) did not find any significant changes in the proportions of water (and protein) in the fat-free body, whereas a summer population of wild Peromyscus showed a lower water level than that in the wintering specimens, accompanied by a simultaneous increase in the protein level. The author gives no opinions on the significance of these changes but only supposes that they may have been caused by differences in the quality of pelt.
Items
It has also been found that the hibernating bats have a higher percentage water content in the FFB (69.5°/o) than have the bats active at that time, (i.e. 68% K a 11 e n, 1964). However, that author did not study the water content in bats in the season of their natural activity. Instead, it has been observed in other hibernating animals that the autumn decrease in the body weight was accompanied by a fall in the water index (water index = water weight/weight of defatted dry matter X 100) (Jameson & Mead, 1964) . These last authors suggest that the autumn decrease in the water content of organism is perhaps important to hibernating animals, but no investigation has been carried out in the hibernation season. On the other hand, it is well known that the water content in organism is extremely stable in birds, even during long flights, when their total body weight decreases (Rogers&Odum, 1964) . Investigating, seasonal changes in the water content of Microtus agrestis, Evans (1973) found significant changes in the absolute amounts of water in organism, which were however accompanied by changes in other components. The changes in the water content of these animals were rather connected with their age and physiological conditions than with the season.
Anyway, the objective of this discussion is not to quote data supporting or denying the results obtained now. In the light of the results obtained in the present work the existence of seasonal variation in the water content of the organism of rodents still remains an open problem and so it will until a study has been carried out on one and the same specimen in different seasons of the year (using supravital methods). Admittedly, fat is an unhydrous compound and therefore the whole amount of water of an organism is contained in its fatless mass. No seasonal changes in water content have been found in this fraction of the organism of C. glareolus. It was also observed that the mean body weight of the wintering voles was smaller than that of the summer animals, which is a regularity in the case of most rodents of the moderate zone. This is responsible for the lower absolute amounts of protein, water and mineral substances falling to one wintering bank vole in comparison with the summer individual. Analysed in relation to the FFB, these amounts are however proportionally smaller.
It cannot be determined on the basis of the conversions presented in Table 3 that the winter bank voles have a lower water content than the summer ones and that the water content in their organism is dependent on the season of the year. Neither can it be inferred that the bank voles, whose »chemical« characteristics are given in Table 2 , gained the here calculated and statistically significant amounts of protein, water and mineral substances in the summer in comparison with the values obtained for the winter specimens. This would not be an inference concerning the biological phenomenon examined, but only a statistical inference, for in each case we examine different samples of specimens of a population varying in its age structure and perhaps characterized by different features as regards their GBC (cp. F e d y k, 1974a, b and S a w i c k aKapusta, 1974).
The age composition of the bank voles under study, presented in Table 1 , suggests that the animals of the groups compared belonged for the most part to the spring generations of two consecutive years. They should supposedly be marked by a similar rate of development. However, in the light of ecological data available for this species the predominance of the spring-generation bank voles in a randomized sample of the winter population is a striking fact, since normally they should constitute a slight percentage of the specimens (Pucek, Ryszkowski & Zejda, 1969/70 ; Z e j d a, 1971). The method for age determination adopted in this study is undoubtedly charged with a certain error (for details see Lowe, 1971; Zejda, 1971) . Assuming the existence of error in the age determined, the smaller weight of the wintering voles than the summer ones may be associated with the different rate of development typical of the autumn generation, which should prevail in the winter sample. The body weight is besides influenced by the state of the reproductive organs, which in the seasons being compared differs diametrically. This is presumably the only way of consistent explanation of the so-called »negative growth« of bank voles in winter (H a i 11 i nger, 1965).
It may be stated for a certainty that the evolutionary success of mammals is due to both their capacity for adaptive modification of behaviour and their well-developed capacity for homeostasis, carried into effect by changes of a physiological nature. On the other hand, one of the fundamental characters of living matter is the precise purposefulness of its structures, forms and function. At the same time, the thus expressed purposefulness should be understood as a contemporaneously observed effect of the long-ago or still undiscovered causes. Assuming this point of view, one finds it hard to imagine the ways in which the seasonal loss of water, conjectured for years (D e h n e 1, 1949), proceeds in the organism of small mammals. Perhaps we should attempt to calculate the energy cost of such a dehydration and rehydration of organism and to consider their environmental necessity, whether in the case of dehydration the osmotic pressure changes and what consequencies it has.
Special attention should be paid to the fact that the amount of water in healthy adult mammals relative to the FFB fluctuates within narrow limits (72-74%). It seems that the amount of water of an organism, obtained by the substraction of extracellular fluids from its total amount of water, is indispensable for the optimum hydration of biomolecules and for the cell to function normally.
